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I ABSTRACT

The process of probing and measuring an HF channel for use in
a stored channel simulator will prove useful only when the investi-

Sgator has some knowledge of the channel conditions. Of particular
interest are the channel Doppler characteristics and multipath

structure. The operations required to provide a measure of these

parameters include: (1) complex channel reconstruction; (2) pre-

I ] filtering to improve delay resolution; (3) channel snapshot genera-

tion; and (4) Doppler estimation. A set of flexible Fortran

* programs which meet these specifications are described in detail.

Software verification is achieved by means of a program generated

single sideband HF test channel. In addition, programming changes

to the previously reported channel measurement and reproduction

software are documented, These result in significant decreases in

computation time.
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SECTION 1

INTRODUCTION AND REPORT SUMMARY

The results of probing and measuring an HF channel can be
employed, ostensibly, to test communications systems over actual

channels without resorting to full field experiment. If tests

are conducted with the results of many channel soundings, a com-

prehensive picture of total system performance may evolve. Critical

to this evaluation, however, is an awareness of the characteristics

of the measured channel. Specifically, channel definition by means

of its multipath structure and Doppler width is important.

In Section 3 of this report, we describe a software system
capable of reducing the data on a channel probing tape to a mean-

ingful set of parameter values. These include delay power density,

Doppler power density, rms multipath spread, rms Doppler spread,

and mean Doppler shift. In addition, modifications to the channel

measurement and reproduction software (Part I of this report), which I
result in less execution time, are described in Section 2.

SThroughout this report, we frequently refer to a set of pro- ]
grams which are printed in Part I of this final report, dated

15 May 1974. Each of these programs can be easily distinguished

since they appear in Appendix P of that report (Figures P.1 to P.22).

Om i
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SECTION 2

CHANNEL MEASUREMENT AND CHANNEL PLAYBACK SOFTWARE MODIFICATIONS

In Part 1 of this final report (covering the period 15 October 1973

to 14 April 1974), we discussed in some detail the concept of a stored

channel simulator capable of measuring and reproducing a linear time-

variant HF channel over a finite bandwidth. To demonstrate the stored

channel technique, a set of Fortran programs were written which covered

four major simulator topics: 1) probing signal generation; 2) channel

measurement; 3) channel playback; and 4) simulator verification by

means of a deterministic time-varying test channel.

Although no specific fidelity criteria for channel reproduction

was adopted, empirical evidence suggested that the deterioration

resulting from all self-noise sources (dc crosstalk, harmonic cross-

talk, computational inaccuracies) was more than 70 dB below the desired

signal. Unfortunately, the programs took prohibitively long periods

of time to process useful quantities of data (30 seconds to 1 minute).

In the following sections we will briefly describe the modifications

made to the channel measurement and channel playback software to
achieve a significant reduction in execution time.

2.1 Channel Measurement Software

The program which performs the channel measurement function is

entitled RECDll. It is identical in operation to the program REC2

as described in the first part of this report. However, REC2 requires

approximately 40 hours of CPU time to process one minute of data - a

real time expansion factor of 2400. In contrast, RECD11 will massage

the same quantity of data in 3.5 bours - a real time expansion factor

of 210. Although much of this improvement can be attributed to NRL's

recently acquired PDP-11/45 floating point processor, a 50% time

savings has been achieved through software changes.

2-1



A listing of RECDI1 appears in Figure A.l. Observe that, at
the beginning of execution, the user is asked to input the name of

the output data file he wishes to create on magnetic tape. Each

record of this file will contain one measured snapshot (of length

255 samples) of the channel impulse response. As an example, suppose
the desired name is CHANNL.DAT. The user simply types CHANNL since

the program always appends .DAT. The only other additional input
required by the program is the number of snapshots to be processed.

Two subroutines are called by RECD11 which were not accessed

by REC2. Subroutine STASH (Figure A.2) is called with the following

syntax:

CALL STASH(IJKM,ICSDR)

STASH simply places the value of IJKM in the address specified by
the variable ICSDR. In this program, ICSDR-"177570 which corres-
ponds to the address of the display register on the PDP-11/45, and
IJKM contains the number of snapshots which have been written on

magnetic tape. This gives the user an indication of the amount of

data processed without having to resort to the use of a device such

as the keyboard (whose device driver alone is 600 words).

Assembly language subroutine LOOP (Figure A.4) only replaces

seven lines of code in REC2. However, since much of the program's
time is spent executing those lines, their replacement by LOOP de-

creased execution time by a factor of 2. It achieves its speed by

making very efficient use of the floating point processor.

TESTD.DAT is the name of the input data file for RECDll. Each

record of the file must contain 510 samples of channel data (510 sam-

ples have a time duration equivalent to two times the inverse of the
snapshot rate). However, data derived from NRL channel probing

'14 experiments is recorded in 1000-word 12-bit packed blocks on magnetic

tape by M'IN (Figure A.5). In order to be used, this data must be

2-2
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reformatted so that it becomes compatible with the requirements of

RECDll. FORMIA (Figure A.6) accomplishes this objective. In addition,

it positions the data before executing by skipping a user specified

number of files and 1000-word records. Subsequently, FORMIA performs

the following functions:

(1) Reads channel data in 1000-word 12-bit packed blocks

from magnetic tape using call to the NRL supplied

input routine MTIN. The data is left-justified in

a 1000-word integer array IAR.

(2) The data in each wo 4 of IAR is shifted right by four.
bits for normalization. Since the data is recorded in

j offset binary, "4-000 is subtracted from each word.

(3) IAR is then converted to floating point and appro-

priately placed in array X (of dimension greater

than 1000).

(4) X is reformatted into 510 word blocks and written on

"magnetic tape under the file name TESTD.DAT.

FORMIA replaces FORMi which appeared in Figire P.5 of the
first report. As its predecessor, FORMIA used modulus arithmetic

and treats the data storage vectov X as though it were circular.

In this way, no internal data moves need be performed - allowing
the programs to execute more quickly than might normally be expected. 1
One additional feature has been included which forces FORMIA to print
the magnetic tape status word on device 6 should an error occur

during a read.

Function LSH (Figure A.3) is used by FORMIA to perform shifting

operations. Its call must have the syntax LSH(IWORD,J), where IWORD

is an integer variable to be shifted left by J bits. As an example,

for J--4, the contents of IWORD are shifted right by four bits.

2-3



2.2 Channel Playback Software

The task of decreasing execution time for the channel playback

software requires a more sophisticated approach than that required

for the channel measurement software. The approaches necessarily
differ because the sources of wasted time in the two sets of software

differ. In the channel measurement case, certain Fortran statements

were consuming huge amounts of CPU time; in the channel playback situ-

ation, large amounts of time are spent preparing and transferring data
from program storage to intermediate data storage on disk files. This

was originally necessitated by the insufficient core storage available

(20K words) on the NRL PDP-ll/45.

The original playback program PLAY2 is listed in Figure P.11 of
the first report. It suffers from the extraordinary complexity

rendered by the use of five data files. This is abundantly obvious

when PLAY2 is compared to a completely equivalent program, PLAY,

designed to run on the PDP-10. PLAY is listed in Figure P.22. It

seems clear that the only way to effectively speed program execution

is to allow most intermediate data to remain in core. To this end,

we have adopted an overlay program structure.

In order to eschew any proclivity toward prolixity, we will

not discuss the numerous revisions necessary before working software

was completed. Merely observe that overlaying by itself is not

sufficient. More surreptitious means for saving storage are required.

PLAY2 defines the files to be used by calls to the Fortran

subroutine SETFIL. SETFIL is used instead of ASSIGN because random

access files are needed. Each call to SETFIL requires about 20 words,
while SETFIL itself i approximately 250 words long. Thus, just

setting the five files in PLAY2 requires 350 words of PDP-11/45 core.
In addition, we determined than only three devices were required in
the overlayed program: 1) PIAYD.DAT is the file that contains data

[ 2-" ~~2-4 i



to be played through the channel; 2) RECDT.DAT contains the trans-

form of the recorded channel snapshots; and 3) PROCD.DAT contains

the processed data. In addition, the device table on the PDP-11/45

requires 19 words of storage for each logical unit number independent

of whether it is used. Since there is nominally provision for eight

logical units, we could conceivably remove five logical unit numbers

for the overlayed programs and form what we might term a minimum

device table.

Taking this discussion to its logical conclusion, we can place

the file names directly in the minimum device table and thereby eli-

nminate the need for program SETFIL, five calls to SETFIL, five un-

necessary logical unit numbers, and 435 words. A listing for the

device table MINDEVwhich accomplishes this objective, appears in

A.7. It assigns PIAYD.DAT to logical unit number 1 on disk unit 0,

and RECDT.DAT to logical unit number 2 on magnetic tape unit 0. The

third file, PROCD.DAT, is assigned to logical unit number 3 and device

unit number I on either disk or magnetic tape. The device chosen

depends on the output of a conditional assembly. The user required

alteration can be gleaned from the program listings.

Another source of wasted core involves the Fortran I/0 package

and its interface with the Fortran error handling routines. We

decided to put all the device reads and writes in the smallest over-

lay segment and to eliminate any I/O from the root segment and the

remaining overlay segments. Unfortunately, the Fortran error pro-

cessor requires a good deal of the Fortran I/O package and, of course,

it necessarily must appear in the root segment. Program ERRF

(Figurq A.8) allows us to circumvent this problem by replacing

the Fortran entry points ERR, ERRA, ERRB, ERRC, ERRF with a set of

entry points in ERRF. In case an error occurs, the program puts a

message of the form F030 ABC XYZ on the keyboard. In this case,

ABC-error class, XYZ -error number (both in octal). It writes on
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the keyboard without requiring a buffer allocation by taking advantage
of a resident monitor program. In addition, ERRF has another entry

point ERROOO which can be employed for additional error indications.
ERFF saves over 1000 words of storage.

Figure 2.1 depicts the overlay structure used by the program.

The root segment PLAYIl (Figure A.9) has three branches. Branch B
contains subroutine LAGINT in file 1AG1. LAGINT appars in Figure P.8

of the first report. Branch C contains subroutines SUB1 (Figure A.10).

ZWRITE (Figure A.11), and SUB2 (Figure A.12). Branch D contains sub-

routine FFTOVR (Figure A.13) which, in turn, calls two overlay segments.

Branch E contains subroutine FFT (Figure A.14) and Branch F contains

subroutine REALTR (Figure A.15). A Fortran equivalent of assembly

language subroutine SUB2 appears in Figure A.16. All of these pro-

grams must be linked together with the aid of the overlay description

file PIAYll.ODL listed in Figure A.17.

As a result of the programming changes, the channel playback

software now requires that the data to be played through the channel

be formatted in 255-word records instead of the 765-word records

required in the old software. However, this requires only a change

in a parameter in program FORM2 (Figure P.12).

2-6
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SECTION 3

DELAY SPREAD AND DOPPLER WIDTH CHARACTERIZATION
OF CHANNEL MEASUREMENT RECORDINGS

During the course of this program, two separate probings of the

HF channel have resulted in several magnetic tapes of channel soundings.

It is difficult to use these tapes for other experimental work (such

as modem development) without some knowledge of the character of the

channel they represent. Exclusive of additive noise interference,

two commonly used characterization parameters are multipath spread

and Doppler width. We shall discuss a set of Fortran programs which

are capable of extracting some measure of these parameters from the

channel probing tapes.

3.1 System Background

Part I of this report contains a discussion of the constraints

placed on the channel measurement process by both the details of the
S NRL 6ingle-sideband (SSB) transceiver and the specifics of the probing

signal (Sections 2 and 5). However, we can summarize their combined

effect on an ideally white probing of the channel by the spectral

shape presented in Figure 3.1. Although the long flat regions of

the spectrum allow channel characterization over a broad baadwidth,

the fast spectral rolloff at the band edges adds several milliseconds

of multipath spread to the multipath actually contributed-by the

channel.

For the purposes of the channel measurement and playback

L recordings previously described, it is important to maintain a

broadband "total" channel characterization in order that the data

used during playback be a fair example of the information trans-

mission effects to be encountered. We are interested in categorizing

the transmission medium; thdrefore, we must reduce as much as possible

the effects of the transceiver filters and the spectral weighting of

S3-1
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Figure 3.1 Combined Spectral Shape of NRL Transceiver
and Probing Signal

C

xx(f)

-w 0 w

j Figure 3.2 Spectral Shape Used to Improve Delay Resolution
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I
the probe signal. One spectral shape which accomplishes this

objective and which can be applied to a baseband signal, z(t),

appears in Figure 3.2. It is straightforward to show that the

impulse response of this filter in

sinw 1wt cos 17w 3.t
I1 t - f w(I -w2 t2)

which, when sampled at a 2w1 rate, becomes

1  2-' k-+2 (3.2)

0 ; elsewhere

The only additional processing required before the channel
measurement procedure can begin involves reconstruction of the

complex SSB demodulated output, x(t), where

eJ(Woff t+8)

z(t) - Re x(t) eJ ft(3.3)

where 9 and woff are, respectively, phase and frequency offsets

between the receiver and transmitter filters. Assuming that woff

is small compared to any dead zone around dc in Figures 3.1 and 3.2,

then we can say that

Iz(t) + J i(t) - x(t) -e J( fe)(3.4)

where 4(t) is the Hilbert transform of z(t).

Of course, we could have formed the complex signal z(t)+j z(t)

before weighting by the SSB equivalent of the spectrum in Figure 3.2.

.1[ However, software considerations were preeminent in the rejection
of this procedure.x~is 3-3



3.2 Soft__ware

A block diagram of the required software is given in Figure 3.3.

Observe that we have decreased the order of the interpolator used

during channel measurement from a fourth-order Lagrange to a second-

order Lagrange. This was necessitated by the interplay between the

higher core requirements for complex processing and the finite

amount of core available. However, since the requirements for

channel characterization are less stringent than those for channel

reproduction, the interpolator order reduction is not significant.

For example, in Part 1 of this report we noted that 0.1 dB Doppler

attenuation occurs at ±5.65 Hz for a fourth-order interpolator and

at ±2.4 Hz for a second-order interpolator. At 5.65 Hz, a second-

order interpolator renders only 0.6-dB attenuation - an acceptable

quantity for channel characterization.

The Hilbert transformer depicted in Figure 3.3 can be imple-

mented in a great many ways. We chose to use a finite impulse

response (FIR) linear phase digital filter. Toward this end, we

employed a program written by McClellan, Parks, and Rabiner for

optimum FIR filters [3.1]. The design was restricted by three

criteria: 1) that the frequency response of the filter appear

white with respect to the transceiver filter-probing signal spec-

tral combination of Figure 3.1; 2) that passband ripple magnitude

be less than 1%; and 3) that the order of the filter (the duration

of its impulse response) be odd. (Since for N odd every other

sample is zero, the last requirement is important to minimize

computation.) A FIR filter of length 43 satisfies these criteria..

The Hilbert transformer is, of course, odd symmetric and unre-

alizable. As a result of its finite impulse response, the filter

can be made realizable by inserting a delay of 21 samples in the
untransformed path. This is indicated in Figure 3.3. The odd

symmetry is computationally important since it allows the

3-4
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S programmer to rep lace two multiplies by a multiply and a subtract.

Thus, the 43 sample impulse response requires only 11 multiplications

and 11 subtractions.

Figure 3.4 is a block diagram of a technique for measuring the

spectral characteristics of a Hilbert transformer. The amplitude

response of the filter on linear and log scales appears in Figures 3.5

and 3.6, respectively. Observe the equiripple response of this

optimum filter in both the passband and stopband.

We chose to combine (1) prefiltering to improve delay iesolution,

(2) complex channel reprod'uirt' on, and (3) the channel measurement
procedure into one program ntwied RECSCF (A.18). The word RECSCF is

a slightly misnamed acronym for RECord SCattering Function. (A

scattering function is not actually calculated - only an estimate

of its transform along the Doppler dimension.)

Program RECSCF requires four files: 1) a random access file

for tempordry data storage STORl.DAT; 2) a file LAGR.DAT containing

second-order Lagrange interpolator coefficients [created by SETIAG

(A.19)]; 3) a file TESTD.DAT formatted in records of 510 words con-

taining the data to undergo the channel measurement process; and

4) a magnetic tape output file whose name is inputted by the user.

In addition, the user must specify the number of snapshots to be

processed by the RECSCF. If the number of snapshots specified is

greater than the length of the input data filej the last record
read is processed, a normal termination ensues, and the user is

informed that an end of file has been encountered. The program

I.. performs one subtle maneuver to save execution time by subtracting

"200 ftom the first word of a floating point number instead of

* I dividing by 2.
* When the program terminates, a summary of the total power at

S each tap is written on the line printer. This information is im-

portant to the user who must subsequently determine which taps are

to be examined for Doppler spread characteristics.

[ 3-6
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!1
Define g(kT,nA) to be one complex snapshot of the channelI ~11

impulse response, where - is the snapshot rate, and is the

sampling rate (2w 1 in Figure 3.2). As discussed in Part 1 of this

report, each tap in a tap delay line channel model is separated by

A seconds. During playback, each tap coefficient is updated every

T seconds. As an indication of delay spread, we are interested in

the power in each tap averaged over the number of snapshots processed.
• Normally, only a few taps will contain significant energy. For

example, a 1-ms multipath spread at a 9-klHz sampling rate would

involve only 9 taps. However, coupled with a bandwidth reduction

filter length of five samples (3.2), this yields 13 taps which con-

tain some meaningful information. The starting and end indices of

the taps with significant energy can be ascertained from the RECSCF

line printer output. It is on this set of taps that we would like

to perform spectral estimation in the Doppler dimension.

Techniques for calculating power spectra are straightforward

and well cataloged. The one which we selected for this software

system falls under the general topic of linearly modified spectral

estimates (3.3]. This method is distinguished by the subdivision

of data into windowed segments prior to transforming. A succinct
description follows of the steps involved in producing that which

might be termed in the ideal case "consummate spectra".

(1) Choose the length of the FFT to be used according to

the Doppler resolution required. For example, fre-

quency resolution of an FFT- I Hz, where N is the

number of samples in the FFT and T is the distance
IIi between time samples of the FFT data base. In this

case, ;F (35.294 Hz) corresponds to the inverse of

the snapshot rate. For N- 64, frequency resolution

is approximately 0.551 Hz, which for many applications

is adequate. Of course, we could increase the length

j 3-10'ael..lt. •' . .



i•1
of the FFT to attain better resolution if we are

willing to increase the variance of the spectral

estimate [3.4].

I" (2) Choose a time window for weighting the data. There

are obviously many from which to choose. In addition,

once the weights have been established, all are

equally easy to apply. The one we have chosen to

use is termed an optimal window by A. Eberhard [3.21.

This window maximizes the ratio of the energy in the

mainlobe of the window spectrum to the total energy

in the spectrum.

(3) Apply overlapping windows to the data base, as indi-

cated in Figure 3.7. This method minimizes the loss

in potential spectral information that nonequal

weighting of the data base renders. Ideally, the

sum of the values of all windows in the data base

at each element in the data base should be unity [3.5].

(4) Weight each overlapping segment in the data base with

the window coefficients, take a FFT, find the magni-

tude square, and average over all segments. For the

parameter values listed above, there are approxi-

mately 45 periodograms averaged for each tap, given

one minute of input data.

A program for computing Doppler spectra at each tap position,

DDSPEC, is listed in Figure A.20. The user must input the name of

the magnetic tape data file which contains the recorded snapshots

of the channel impulse response. He must also enter the indices

of the left and right tap boundaries surrounding the taps to be

processed. For example, if the user wants taps 245-255 and 1-6

processed (17 taps), he merely enters 245,6,. The maximum circular

separation of the tap boundaries entered must be less than or equal

3-11
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to 84. In the example just given, the circular tap separation is
16. The program creates a random access output data file DELDOP.DAT

which contains the final spectral estimates at each tap position

specified. A summary of this file is written on the line printer

just prior to program termination.

Another program, DDREAD (Figure A.21), massages DELDOP.DAT and

prints its contents in a format which is conducive to viioual extrac-

tion of gross physical details of the delay Doppler: surface. Up to

14 taps can be presented in this way at any one time. An example of

this format will be given in the next settion.

For the user who would rather see a statistical summary of the

information collected, program DDSTAT (Figure A.22) is available.

It reports the following information via the line printer:

1) marginal delay power distribution for the taps examined.and

the time in seconds by which each tap is separated; 2) marginal

Doppler power distribution over a specified range of frequencies;

3) mean delay with-respect to the first tap examined; 4) rms delay; A

5) mean Doppler; 6) rms Doppler spread; 7) the taps at which delay

peaks occur and time differences in seconds between peaks; and

quencies in Hz at which Doppler peaks occur; 9) Doppler statistics

at each tap delay; and 10) graphs of marginal delay power and marginal

Doppler power. An example is given in Section 3.4.

3.3 Software Verification (Basic Programs)

For the purposes of software verification, it is necessary to

create a complex SSB HF channel with typical multipath and Doppler

~I. characteristics. The approach we shall take is summarized in

Figure 3.8. This system is designed to emulate probing with a PN

sequence - the result of which is a set of frequency samples of the''
! ,, HF channel where the intersample space in Hz is equal to the inverse ,

of the length in seconds on one period of the probing signal. (More

I details of the probing process are presented in Part 1, Section 5,
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of this report.) An equivalent software approach involves weighting

the line spectrum of a periodically repeated PN sequence by a simu-

lated complex HF channel.

Ideally, the response of one path of the HF channel to a

sinusoidal input of the form

I x(t) - rP sin(wt+e) (3.5)

S~is

y(t) -__ r cos(wt +8 +0) (3.6)II

where r is the time-varying Rayleigh-distributed amplitude of the

path and p is the phase resulting from Doppler, time delay, etc. In

general, a complex noise process should be added to y(t); however,

for the purposes of test channel generation, we shall only consider

the noiseless case.

Similarly, the received signal over a multipath channel at any

tone is

y(t) - r3 cos(wt++ ) (3.7) a+

where the rj are independent Rayleigh-distributed variables and N

is the number of paths. For normalization purposes, we will con-
thstrain the sum over the power in the j path (P ) to be unity:

[,2]._.

2Pi I (3.8)
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For an array of M tones

y(t) - / rj cos(w t +e +p9 ) (3.9)
.I

This model assumes that rj is constant over all frequencies of

interest while•pij is frequency-dependent. Both rj and the Doppler-

dependent portion of OiJ can be obtained from a set of filtered

complex Gaussian variables. In the program to be described, fil- 1
tering is accomplished with a two-pole filter whose passband shape

approximates typical Doppler rolloff characteristics.

A program, HFSIMS, which creates a SSB HF channel by frequency

weighting a set of tones according to the desired multipath and

Doppler characteristics is listed in A.23. The output magnetic tape

data file, HFSIMS.DAT, will contain transforms of the baseband snap-

shots. Inputs to HFSIMS include: 1) the number of snapshots to be

written on magnetic tape; 2) the number of frequency samples in the

sideband of interest (by default, the program chooses the upper side-

band); 3) the frequency separation between tones; 4) the snapshot

rate (because of the details of the probing process, items 3 and 4

must be equal); 5)the number of paths in the channel model (non-

impulsive pnath delay densities are not computationally feasible

since any simulation using that model would require huge amounts of

CPU time); 6) the Doppler bandwidth of each path (Hz); 7) the power

of each path in dB (for normalized results, the total power in the

paths should be unity); 8) the Doppler offset of each path (Hz);

and 9). the relative delay (seconds) of each path (the first path

should have a relative delay of 0).

3-16
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Armed with synthetic snapshots of an HIF channel, we are ready

to simulate probing the channel with a periodically repeated PN

sequence. This situation is identical to one encountered in Part 1

of this report in which it was necessary to play data through re-

corded snapshots of the channel. Program PLAY11 (A.9) accomplished

this objective. It seems reasonable then to adopt PLAY11 for

"playing back" the PN probing signal through the synthetic snapshots.

One simplification is in order. PLAY11 is capable of handling

large bandwidth Doppler spreads or large Doppler shifts without im-

parting significant passband deterioration (Section 2 and 3 of

Part 1). This is a result of using a fourth-order Lagrange inter-

polator for zeroing Doppler images.at multiples of the snapshot

rate. Since we are only testing the software, it is not necessary

for these initial experiments to use relatively large Dopplers.

As a result, it will prove computationally expedient to use only a

second-order interpolator while limiting maximum Doppler shifts to

around 3 Hz. PLYSCF incorporates all these features into one

program.

PLYSCF assigns four different data files during the course of

its execution. File LAGR.DAT is created by program SETIAG (Figure

A.19). File PNSEQT.DAT contains a 768 point real transform of one

period of a PN sequence of length 255. Program SETPNS (Figure A.25)

creates this file while employing the use of an FFT program speci-

fically modified to perform a 384 point complex transform [FFT 384

(Figure A.26)]. File HFSIMS.DAT contains the transformed channel

snapshots generatedbyHFSIMS. The last file, TESTD.DAT contains the

result of playing a PN sequence through the synthetic channel.

Should an end of file occur in HFSIMS.DAT, the program will termi-

nate normally after printing the record number being processed

when the EOF occurred. PLYSCF, like most of the main programs

3-17



I previously described, puts a numerical indication of the record

being processed on the display register.

An overlay program, PLYOVR (Figure A.27), is functionally equi-

valent to PLYSCF. It has the capability, however, of being able to

I incorporate any order interpolator by changing the value of the

parameter IQ to reflect the order desired. Some obvious changes
must also be made in array dimensioning. The user can also save

an additional 400 words by incorporating a variation of the minimum
device table program, MINDEV. The overlay segments, SUB1, FFTOVR,

and SUB2 are listed in Figures A.28, A.29, and A.30, respectively.

PLYOVR.ODL, which contains the necessary overlay descriptor language,

appears in Figure A.31.

PLYOVR. uses both synchronous and asynchronous manual load opera-

tions, as specified by the PDP-11/45 linker manual. (It should be

observed that the bit used as a synchronous-asynchronous switch in

CALL LOAD is reversed in all the documentation.) Manual load saves

both time and memory when compared to the performance of the PDP-11/45

I autoload feature. PLYOVR, using a second-order interpolator, executes

quite rapidly: Approximately two seconds of computation per snapshot

* . are required - corresponding to a real-time expansion factor of 70.

3.4 Test Examples

To establish program credibility, we have devised test examples

which will exercise many of the software features. A summary of the

programs required in the order of their execution appears in

Table 3-1. As previously discussed, SETPNS and SETLAG create

data files necessary for the synthetic test channel. The program

which determines the characteristics of that channel is HFSIMS.

Following the stated guidelines, we chose to keep the maximum ex-

cursion of significant Doppler energy to 3 Hz. Also, to insure
that Doppler estimation would be performed over many Doppler cycles
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TABLE 3-1

SUMMARY OF PROGRAMS REQUIRED FOR TEST EXAMPLE

Program Input Files Output Files Comments

SETPNS PNSERT.DAT Put transform of 3 repe-
(Random Access) titions of PN sequence

(DK) in file PNSEQT.DAT.

SETIAG -- LAGR.DAT Lagrange interpolation
(DK) coefficients

IAGD.DAT LAGR.DAT -. order 2
(DK) LAGD.DAT -. order 4

HFSIMS HFSIMS.DAT Put transform of channel
_(DK) snapshots in HFSIMS.DAT.

PLYSCF LAGR.DAT TESTD.DAT Create test channel
(DK) (DK) (TESTD.DAT) by playing

PNSEQT.DAT PN sequence through
(Random Access) channel snapshotsI- (DK) created by HF simulator

HFSIMS. DAT
(MT)

RECSCF LAGR.DAT STOR1.DAT TEST.DAT contains base-
(DK) (DK) band signal. Program

TESTD.DAT NAME.DAT prefilters, creates corn-
(DK) (MT) plex channel, correlates,

and interpolates with
Lagrange interpolator of
order 2. Records of
NAME. DAT-255.

CHFFT NAME.DAT FFT255.DAT Read in record M of
(DK) (DK) NAME.DAT FFT and put in

file FFT255.DAT.

PLOTCH FFT255.DAT -- Plots.
(DK)

DDSPEC NAME.DAT DELDOP.DAT Compute delay Doppler
(MT) (DK) spectrum.
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.I
even at the lowest Doppler resolution increment (0.551 Hz), we

chose to perform the first test over 40 seconds of data. As a
S first-order estimate, this implies that spectral averaging will

include at least 22 independent samples. Therefore, we can expect
the standard deviation of any statistical results to be 21.3% of

the actual value.

User input to HFSIMS included: 1) CHANNL as the name of the

output data file (.DAT assumed); 2) 1410 (40 second) snapshots to
be processed; 3) 128 frequency samples in the upper sideband

(including one sample at the lower band-upper band transition
point); 4) a 35.294-Hz snapshot rate; and 5) a separation between
frequency samples of 35.294 Hz. Data specified for a two-path

test is presented in Table 3-2.

After executing HFSIMS, FLYSCF, and RECSCF, the reconstructed
synthetic channel snapshots are written in file CHANNL.DAT. As an
intermediate check on software execution, programs CHFFT (Figure A.32)
and PLOTCH (Figure A.33) plot the magnitude in dB of an FFT of any
desired record in CHANNL.DAT. NRL's Versatec matrix plotter soft-

thware is required for PLOTCH. A plot of the 14 such record appears
in Figure 3.9. Although the exact features of the two-path model
are not easily discerned because they have been all but obliterated

by the effects of Doppler, some important observations can be made.
On the frequency normalized to sampling rate scale, the upper side-

j band falls in the region 0.0 to 0.5. Notice the small amount of
energy in the lower sideband. Both sidebands were prefiltered in
RECSCF with a raised cosine weighting. The nulls of this weighting

at normalized frequencies 0. and ..5 are obvious. In addition, the
J raised cosine weighting is apparent in the mainlobe of the upper

sideband.
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TABLE 3-2

TWO-PATH TEST DATA SUMMARY

Parameter Path 1 Path 2

Doppler Standard 0.5 1.5
Deviation (liz)

(RMS Dopplcr Spread) (1.0) (3.0)

Doppler Shift (Hz) 1.5 -1.5

Path Delay (sec) 0 0.0005
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'I I
In order to more graphically illustrate the influence of a

two-path model on spectral particulars, we performed a separate

test in which neither path was subject to any Doppler effects. The
results of plotting the spectrum of the 1 4 th record of CHANNL.DAT
appears in Figure 3.10. The characteristics to which we referred in

the previous paragraph are vividly portrayed.

DDSPEC completes the basic software processing. In addition
to the name of the input data file, it requires the indices of the
left and right tap boundaries of the taps to be examined. This can

be obtained from RECSCF's printout of power at each tap location

summed over all snapshots. The data for this test is reproduced in

Figure 3.11. Observe that nearly all delay power falls between
taps 20 and 33. After running DDSPEC, DDREAD should be executed
(if necessary, several times until all the taps processed are ex-

amined). Because of space, its output is given in two parts.

Figure 3.12(a) contains Dopplers from -17.647 Hz to -0.551 Hz;

Figure 3.12(b) contains Dopplers from 0 Hz to 17.096 Hz. The

peaks of the delay Doppler lobes for each path are underlined.

Observe that they are separated by 4-1/2 taps (0.0005 second).

The user can get a feeling for spread in the Doppler dimension by

comparing the ratio of Doppler power densities at two similar points

for each path. In this manner, it is easy to see that the second

path has a much broader Doppler bandwidth than the first path.

However, the peak of the second path is smaller than that of the

first because the integrated power density for the two paths was

¶ user-specified to be equal.

A statistical summary of the data in Figure 3.12 is given by

the output of DDSTAT in Figure 3.13. Observe that the claims for

delay peak and Doppler peak locations are proportional to some
multiple of an index of delay or Doppler increments, For example,
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Sa Doppler peak at -1.654 Hz corresponds to three times the Doppler
step size of 0.551 Hz, while the actual Doppler peak is at -1.5 Hz.[ More accurate peak location by numerical interpolation can be in-
cluded if the need arises for more thanjust gross channel parameters.

j Of particular interest in Figure 3.13 are the Doppler statistics
for the 14 taps examined. According to Table 3-2, the channel path

at 0 relative delay should have an rms Doppler spread of 1 Hz, while
the path at 0.5 msec relative delay should have an rms Doppler
spread of 3.0 Hz. Noting from the printout that delay peak.$ occur
at taps 5 and 9, we can easily verify that the measured rms Doppler

spreads for the two-paths are 1.28 Hz and 2.93 Hz, respectively.
T.hese numbers seem reasonable in view of the previously discussed
21% standard deviation in measurement.

As a visual aid to the user, DDSTAT plots marginal delay powerI! and marginal Doppler power. These appear in Figures 3.14 and 3.15,
respectively. Observe that the 0.5-msec path separation is easily
resolved by the programs. The 3-Hz Doppler shift between paths is
also easily resolved. In fact, it seems reasonable that, for small
Doppler spreads, less than 1-Hz resolution should be possible for
Doppler peaks at the same delay.

In an effort to more clearly demonstrate the resolution capabili-

ties of the software processor, we have conducted a second test with
each channel path less distinct from the othero in delay and Doppler
than the channel paths in the first test. A summary of the delay
and Doppler characteristics for this three-path test case is pre-
sented in Table 3-3. The relative path delays specified are chosen
to place peaks in the measured delay power spectrum at integral

multiplies of the intertap spacing in seconds. This allows best-
case estimation of software delay resolution capabilities. Observe

that the intertap spacings correspond to 2 and 3 taps, respectively -

in distinction to the first test in which the path delay was equiva-[lent to 4-1/2 taps.
3-30-



r __________________ _____________

II

Figure 3.14 Marginal Delay Power, in dE for First Test Example
(Each tap separated by 0.111 msec)

U I I I I
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Figure 3.15 Marginal Doppler Power for First Test Example

3-31.



I TABLE 3-3

THREE-PATH TEST DATA SU!MMRY

Parameter Path 1 Path 2 Path 3

I Doppler Standard 0.25
Deviation (Hz) 0.25 0.25I(RMS Doppler Spread) (0.5) (0.5) (0.5)

Power (dB) -4.771 -4.771 -4.771

SDoppler Shift (Hz) -1.102 -1.653 -2.755

Path Delay (sec) 0 0.000222 0.000555

I
I

I
I

1.33



Doppler shift magnitudes are constrained to be (1) less than

3 Hz in order to minimize deterioration resulting from interpola-

[ tion filters in RECSCF and PLYSCF, and (2) greater than I Hz in

order that spectral estimates be averaged over as large a number

"of independent samples as possible. Since the test has been con-

ducted over 60 seconds of data, even at 0.55 Hz we can expect a

j standard deviation in measurement of 1.7%. In addition, the mean

of each Doppler lobe is placed at an integer multiple of resolution

[ cell increments (0.551 Hz). The rms Doppler spread of each path is

less than one resolution cell.

1. As noted previously, RECSCF (in addition to its function of

measuring the complex channel snapshots) also outputs the average

tap power for the entire processing time. This information is re-

produced in Figure 3.16. The two measured peaks are underlined.

' Without resolution limitations, the three-path peaks would have

appeared at the 24 th, 2 6 th and 2 9 th tap. It is clear that the

peak which occurs at the 2 5 th tap is a result of the first and

second paths combining.

The results of running DDSPEC and DDREAD appear in Figures

3.17(a) and 3.17(b). As before, delay Doppler peaks are underlined.

It is relatively easy to determine peaks in the two-dimensional

delay Doppler surface before marginal distributions are derived.

However, the user must resort to first derivative estimation in

I order to distinguish the first two paths.

The statistical, information obtained with the aid of DDSTAT

is presented in Figure 3.18. As expected, the program finds only
two pdaks in delay and Doppler. It should be remembered, however,

that the number of peaks in the marginal distributions is not

necossarily the same as the number of distinguishable peaks in

[ I * the delay Doppler surface.
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The Doppler statistics for the 14 tapa examined merit some

comment. The measured Doppler shifts at taps 4, 6, and 10 of

-1.13 Hz, -1.4 Hz, and -2.71 Hz, respectively, agrees well with

the specified values of -1.1 Hz, -1.65 Hz, and -2.76 Hz, especi-

ally considering the measurement corruption resulting from path

interference. However, the measured Doppler spread at each of

these taps is approximately twice the value which had been expected.

This is a result of the mainlobe width of the window function used
for spectral estimation. This can be reduced by increasing the
length of the window (and the associated FFT); however, for a fixed

duration data sample, this would reduce the number of periodograms

over which averaging is performed and increase the variance of the

estimate.

Graphical presentation of marginal delay power and marginal

Doppler power appears in Figures 3.19 and 3.20, respectively.

Coalescence of the first two paths in both delay and Doppler is

obvious. However, the position of the third path, which is sepa-
rated fron the otbers by a minimum of three taps and 1.1 Hz, is

easily extracted. We might estimate the lower resolution of the
1present software system to be rmsec in delay and 1 liz in Doppler.
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Figure 3.19 Marginal Delay Power (Second Test Example)
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Figure 3.20 Marginal Doppler Power (Second Test Example)
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D1E0UIVA11 xCE(H5).P(Q9.(1)), H~2)PC5.)V25)IJ254

DAnTA HNIAC -.31: ' .'.D''AT"/
D IATA .v'-sooo

* DATA ITE11PISTIYTE.IThZ'1*Il/

DATA IPNZ1I. P11I. tCSD)R/5I11 1020. 177570/
WI~TE'6. 108)
READ (6, 200) (1 IAt E(1) * 1 1,3)
1.pI TE (6 1300)

* READ (6.400) IF TL
END FILE 6
IFIL-IF IL-1
Y( IPtI) FLOAT( ISTATE)
DO 15 1=2.IPHl
ISTATE-IFSP(ISTATE. ITAP)
IF (ISTATE .A11ID.1) S5,510

5 . TEt'- I
10 Y(IPI4+1-IY=FLOAT(ITEIIP)
is5 I 'EIIP -I

DO 20 I-1.IPNI
20 YCI)-Y(I+IPN)

CALL LAGINT(10 IPf4,4)
CALL SETFIL(3.'STOR1.DAT'.IERR.'DK'.0)
DEFINE FILE 3(16.IPtN2.U.T1Th2)
CALL SETFIL(1,'TESTD.DAT'.IERRo.'DK',0)
CALL SETF IL(2,HAME. IERR. MT' .0)
DO 21 1-1,16

DO 23 <-1,2

23 EAD(1)(Z.(J).J-!l12.TPH4)

DO -10 11,-1.IFTL.2

D'O 35 IL-1.2
IJ= IL+Ii(2
J:%ItOD(~IJ. 4).
IJJ-J*IPN
IJK-J+l
I JKS-J+5
IJM-4*J
DO :-.5 Iu1IPZIp

IJ1, 1.) -Z JJS)L,~ *F(, 1
I,.( 1 -2) -Z I.TJ ¶)-I:Pf 1,.2)

25 WJ( 1 .41)' 1 A..I~P. I1.4)

LI. IJH 1;

CALL STA4SH (JI t1, 1 CSDP.)
* 11 30 K -I1.4

Figure A.1 RECD11



FV1, -MOD MRSK-K), 4) +1
JJ2-4*0l(-1)+KIKl

CML_ LflOP( IMI.X.Y,tI)[0 CO11TI11UE

I I!O32 IL 12

33 1F(M(L-1)*I).GE.IFIL) GO TO 40j DO 35 I-1,IPNl
35 X(1)O.O

READ(1) (Z(J4-IP),Ju1, 1P12)
40 CO11TIIILIE

E14D FILE 2
EHD FILE I
EPIP FILE 3

100 FOPtt1IT* E141EP~ HAM. OF OUTPUT DATA FILE"/)
200 FnRIIAT(3A2)
300) F0RflATC ENTER All EVEI 1-40. OF PECORDS TO Mr- F'PncE'3:%IrD'/)
.400 F ORFIAT (15)

00 FQRi4fl( I'X, 5 1)

E111

Figure A.1 (Continued)
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i THIS PROGRAM qLLOL!S Fo•FTAN PROGRAMS TO READ A14D WRITE
-'ABSOLUTE LOCATIOIIS III MEMORY
THUS IT IS DANlGEROUS IF IT GETS INTO THE WRONG HANDS,F.

S
.TITLE PEEK

* • GLOIRL PEEK! STASH

• PARAI1
PEEK: ItOV Q2(R5).R0

NtOV (RO).R8I RTS .R5

"STASH: IIOV G2(R5),RO
I'P3V 94(R5),Rl

1OV ROo (RI)
RTS R5

I *..END

Figure A.2 Function STASH

•TITLE LSH

I FUtCTIOII I.SH--LOGICAL SHIFT
CALL IS:: II.OPD,,LSH ( IIJORD, 1011')

II.(OPt : WORI, WHOSE BITS APE TO BE SHIF.TED
; ICIlr: SHIFT ior, l ,' ICrr DIT --POS ITIVE ICHIT

IItDICATES A LEFT SHIFT

G.LG.ORL LSH
LS14: T'3T (p5)4+

nOv p(F1)+,RO DGET IIJOr-D
I IIV ( R5) +,RI C:ET ICNr
N IE- 1 'I 1110 SP IFIr IF tCIIT-0.
[F1.. ;110 II POOL-A'L, IS rn !ra r . T ',11 F '
rorTr ro 5H I:T rrI 01 '; ) CI.-* I 11.'7P

IT.;: ,1 ! F I RO :SH IFT
P III: P19"*- 5 P5 RLTLIRII

i . El 1r

*Figure A.3 Function LSH
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.TITLE LOOP

I.ACO-X8 .GLOOL LOOP

3'1101.'
if M"AtIa?,

I4 . 0
W~AE mlotI4

[LOOP: CUP (p9T, CR5)+ ; INREMENT R5 POINTER
I OV 9(R5)+, I ;LDtiF VALUE OP WI] INTO REG I

110Y Ili* IN;1TO PEG J
MOV 1.. iPiM : 14ID11D 1 WII 120111JP7 LOC IPNHV

Inl (P9) +-.IMP :L0011' nPr'P OF* APPA"l .: INTO PEG XAIDII KIM' 1.P 4-,iT 1t *L0I4I i011R fUF A4i1.I Mi ITI (1 KG AM,
SI'S *4.YAP ;SUBTRACT 4 TO P01117 TO PREVIOUS WOCRD
I IY YOD, YADt1
ICYO CPS)+,WAD

LI: 0IC RI.=(SP)

I L2: NOV 1,lD+R5

ADIII SUBTP

rMIni (IO.dst' +, ACO

S LI DTP:SUIW (WAD) +.ACO

I101. 1,111kW 11

11K1 LI

IIOY (SP) .P

I~~~ In (I)

L Figure A.4 Subroutine LOOP



PURPOSE IS TO) PEAtll 4FF011 IRAGTARE
CALL SY COLL lrl(IIT WD.IFA.ITT
bNMERE 10l1 1 - 0 OR 1. IlfPt'S IS NUFHIEER OF WORDS TO

ATPrlNMMl:!(1 A0O), A1iFF'AY IS THME (0IPM7 THlE
11,INFO IS TO rGO INITO. rAiiD ISTAT IS A STATUS

;IANJRI1 P0I IFI IF. r) 0I1I1H FULL01I I HG I EAt]II GS-
; ISTAT - 0 a> 0.i:.

I * E')Fr FOUNlD
*2 *5UIMT SELECTED IN ERROR

ATHE tliGr TAFE STATUS [.LJOD CUTS) IS PETURNED
*IF THE ERROR BITS (7-15) OF IITS APE SET
At I'JII~faF:1IS I UTBE All INTEGER 1AR! AELE

*ANDO NOT A COISTAIIT AS IllFORIHtTI~lI IS RETURNED
IN THIS V0ARIALE AS TO HOW t1AIY WORDS ARE
TRANISFERRED.

*TI TLE l-17'I1
.GLnnrL 11TIN

*lciL .PAPIAll

rITC 172522
I ITBRC"- 172524
I ITCl IA -272526

TIN IlOY RO.-(SP)

TST k r.5)+4
I in/i (p.5) +.Rpa PO"UNIT
111V QYF5) +.-P I ;SET EliTE RECORD COUNT
110V (R5)+.R2 P 2-ADDRESS OF ARRAY
ASL RI
IIEG PI
I10Y R I ,*ItBFl'PC
PIT *1"f7F776P0 ;TEST UNIT (I OR 0)
BEE' CONT
i:LR O'-4PS) ; NO HOPDS TRANSFEIRRED
r oV 0t2, 0RM)4- ; ERROR,. RETURN

C-OIIT: IIOY P2,W4&1ITCMA
SIAM2 PO SET COMMANDS

TT: V IIO N1C.R1 P I - ADDRES'S OF MTC
ITSTB PRI) TEST CU READY
EIPL . -2
IlO0V PO. (PI' STHRT THE OPERATION

PAGE
ýIIcY fl l I11 *'I1"F-.1.110'S OF? ITS

ý.11: nPIT R2000. M)n HALT IF COT

ELF! c(u z STOP T~-l'E

142z: 15T s'm I). TEST CU ED

Figure A.5 Subroutine MTIN
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W3: CLR Q(R5)+ ;STATUS OK. RETURN 0
B.IT #40000420O)1 BED .4-6
111c 9-2(P53) :E0F.. PETURN I III ISTAT

SIT mI376OO.fPflM TEST FUR EPPOR III tITS

AsP PTI

IIEG r2
A I.; PSp.O-"P3

MIT: Ijl.h) ($SP) 4AP.2

I 10V (F;P) +.F I

PI'S P5

IA-



IN, 1 Aýr .Iý
IV li V A' 1". 17 )IL

IF(I.I..Eo.O'Gfl To 80j
111-'S1 f". ILLL
DO 70 J-1.,3000

CA~LL TI-II'f(n. TII0RDS. IAP. ISTAT)Ii70 IF( 31IOT.E0. DGO TO 75
I 75 br- IT (S,. 175)J1

Ria I-O iIF1Týi(G. 125)
PEAll (6, l'75) LL

IF(:LL.EO.O)G0 TOJOPSt 130
DO I 1-1wl.L

IF(I'STM .h fEO .1*0iT 2100
I IFpiF' 1Tflt.IIF..1flt"llG(1 TO 725

Lou' 2 J-1-2

CALL L~W.JCR'.I~.ITT
IF(ISTAT.ED.1)GO TO 200
IF(II.JORL'S.H-E.I00O) GO TO 225
110 '2 1 -1. If

k'R I TE (6, 279)
PEFi'G, 175) IF 11.

IF((ILZ-I(1FF-).LT.]P) GO TO 15
DO10 In II.P

IF ( 1).11P (IOF.T.) Grj TO 30

I. I(I&Tr.EO1'GOTO 200
[Ir iI.,JOPI)SiIE. ItOO)GO TO 225
110 12 I1-1.I

12 :IFLTLs(A()-)"00

riii To 3nl
1 I I i-H.' IOFr

)Ft 1'.I 1.IV 11'70)Grj T'O 22

IIr P" I F I ,F1. 1)11 P

Figure A.6 Subroutine FORMI.A
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IS-

DO~G T2 40l

IS, .0O

In F131-131 w .I. 6
I 2 rOp1yr ?'3 T~ lli OF TI'r3 nP KIPD/

V.1 Y(P I) n( J. JJ)IU 10 FF L S TO 117 l'P~ j,'
i7 rct10 TCIFF
311 l FI8P L I)

E11I I LE I

Fiur A.6 (ConriIuHUE

pin ruiw~'~ I~OA19



.TITLE $.DEVTB

.ILIST TTIF1BEXTOC

;THIS IS A STRIPPED DEVICE TABLE FOR USE W4ITH PLAYII ONLY.
; NRL , 0 ¶IF 'HPL. I!; 1iF4'HED U'3E HPL DEVICES
HPLIIT - , IF NRPIMT IS IHEF 1FCD USE HT AT HRL
zNRLfT - IF HOT DEFINED LI'IE DI'I: AT IIPL

I .DEVTB::.I.JOPD 3
,JOPD O.DEVIDEV2.DEV3

DEVI: .tIIopRD 0 ,rI')DB POINTER
.PAI15O ,'. "l0IIIT I DEVICE
* BYTE 0 , HOW CUPPEtiTLY OPEN
.BYTE 0 ;UIIIT I DEVICE tLU-IT HUHBEP

R.AD50 'PLAYD/ :UNIT I FILE HAIE .1
.RAD5O /DAT/ ;UIIIT I EXTENlSION

U.OPD '83,0 0 ABP.0 :OTHER USEFUL INFORMATION

I DEV2 : D 0
17,0150 ,,IIT/ .,HIIIT 2 DEVICE
BYTE 0
BYTE 0 ,1.I14T 2 DEVICE UIIIT NUMBER
RADSO /'RECDT/ zUt-11T 2 FILE IIfZ
PI:ID50 /DAT/ ;UIIIT 2 FILE E,ýTENSIOHI W. RD L, 233, O,0O,3, 0,0.01,0O,.13

DEV3: t. WRD 0
.IF NDF NRL

IF 'HRL' IS NOT IEFINED USE THIS FORMI PAD50 /DK,/
.BYTE 0

.B 'SE 0 WUtlIT 3 DEVICE UWtIT NUMBER
I.IFF

IF [IF HP.tIT
IF *IJFL' OIND 'ttP.LIMT AIRE DEFINED USE THIS FORM

.PADSO /IIT/
B13YTE 0.1

I IFF
IF 'IIPL ' IT PEEI tIt itr IVlE' "tlLHIT' IS NOT DEFIHED 1.1".E THIS FOrMi

P1~:'3:1 50 [

S. . EIIVC
F Etiric,

,* - w WHI.1.,'UtIT 3 FILE 11it11F
h li,5 11". :LIttFIT .3 E::TE '351.111

. WLiI;,' 2.3S..O,0,cb0OO.0. OO, ,O

jr Figure A.7 Device Table MINDEV
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.TITLE ERRF..

:MIN11-tfL EPPFOP Hmflt'LEP FOP FOPTPI1N OTS VQ22
OUTPUT 1lr'TrSAGE [iSH IDEN.TICAL 111TEPPERTATION TO FORTRAN OTS GENERATED

SF070 ADCXYZ IESSFIGE.. ADFC-EPPOR CLASS. NYZ-EF:ROR IlUlIeEP

-wnOr THOT EVEN~ TJE tIOCT TRIVIAL ERRFOR WILL BE FATA~L

zERP: : fiJY 2R5)~.Pe

sERR9:: SIXG~ Re

IIW rpaRj

I OT

I .$ERRC:n

I,. Figure A.8 Subroutine ER.RP
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DiRIENi5C111 N(10210)

EIPIIItIw 1P11104*P(D

IREC-3

I CA~LL xo~rlct.n'. I. JER)
C FI1LES APE ii'& HEII~ 1J1THIII T1HE 11111ilmuMl rjEvIrE TMI~LE PPOGr~llt1,-M1I)4EV.
C IF THA~T rFIO~IPU IS PEriOVED. THE FOLLOWIIIG THIPEE CALLS TO SETFIL
C r4PE PEOLIIPELI.
C CALL 1rFI.(1 PADDT EP Ir 0
C CALL ý,E1F1L(2.*PECIDT.tAT*,IERR.'IIT.0D)

C CALL LI
CA~LL L~AG INT(I' P4

6 CALIL SLI I( I PEC)

CALL STASH( IJI(M. ICSDR)
CALLOPrd'(FFTOVR'.O.IER)

CA~LL FFTOYFP
CALL LOAD( 3118..O. IER)
IF (IJI r1.TldE..0)G0 TO 30
11w-Il

CAiLL SU82(IPN)

GO TO 6
30 CAL.L SUB2(O)

80 FIJI) FILE 3
~~1 DID F[ILE 2

DiID F ILEI

I ~Li. ~1 TFI' ITj'. 11791,'P

el-017' rPATA
L Of III iillff!ý 'If. YrDR 12 2 1020 - NI I - 10.) H I III -1 ý-.T '3 I RI20)

1 1,. IC-IP- n. 110. ISI.IET..O0. "1 177'5-0,4,255,I/O

Figure A.9 PLAY11
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I ~~suImPUT111E SUBICIREC)

IIwo
I It-1( 1+II1 c!Pl

JF(I.LT.IREC)GO TO 1
IF(IPEC.GT.I)GO TO 4I ~10 2 1ml.PIN

2 1+ 1 rnhi in 1+111)
D'O 3 f-1-I.7I3 Y! 4-jiHrij) -o.f0

4- PCTUI I 1
5 lSET-"'1000flI ~RETlURN

ISCTu"l00000
RET UR11

EIJI)

Figure A.10 Subroutine SUJB1

PE14L -,']Plq
I.JP I TE (3) z

Figure A.11 Subroutine ZWRITE
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I...TITLE SUiB2.
JI.LIST TT11IDBEX

DPSADL GBL
.GLOBL ZUJR I TE

iMACRO RELCSEMET FO SUBROUTINE S FRRH OtJIBEIO21
RCEPLCE~T FOP ;FRTAU62O EGO

Y: St.LIALI 12E1M.*42
Z .PLI'L Ifl2Oj.*2 4

Li: 0DLII 1 Ž02 C
IH: PEL1rU M1O~.*2

X. .BLKU 10:20.W2j

I .SECT DAVAL ;ANOTHER COMMON PEG ION

ICSDR: .G3LKIJ I

IK4101 BLKU I
10:T .ECLKMt I

III: WR

SUB2:: O 1R

81IrP 10 10

CLP RD
It.,: 10GM PD. I I

flov P1,i1i1
TST o2(RS)

B- n 31$

2W5 firV I1PtIRO
ASL RID'I
ASL Pn

rIT'l 4 F. (RO)

110 p1I

-... .... '.-.-. ,c,~ini. A-14



31 I r1-v ICPRO I

ASM. R I

At'?' *Y.R1

1O\/ r:, FAR

noV IPtIIIQ.R5
325? LIJF (RI)+.ACO

tILF (R2)tACS
I-%V iR4) ,,RM) + j

STP AGO., (Re) +
so@ R5.32$

*34S, NOV I PHN10,R5

sue RM aR5
NOV RS.-(SP)
ASL. Re

Mov PO.R4
*ADD *ZIRO

I'MY IPNRI
FISt RI
PSI. RI
ADD *Y.Rl
[ICY *PARZ
[ICYo *YAR3
ADD *X,R4

335: L PF fPfl+.ACO3
[t'LF (R2)+.ACO
flov T*4)+. CR3).
flEI1F CRO).ACO
liov (P4)+,. R3).
STF AGO, (R)+
Soo PIS 135s

[NOY I N.RO .R
[HOY 111P5IOI

S1UB R9.RI

ADD' *yR1

(WD. P.P2

rar' r:.,r .

Figure A.12 (Continued)
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37M: LDF (RI)+.ACS1='tPLF MP) +.ACID

ADIDF CR0) oACO
MOV (R4)+A(R3)+

SiT AC0, (RS) +

39t 1MV I I.IRC

NOV PD..- (SP)
MOV IPN.R5
*MDv R5. -(SP)I.LDF SIPHD4.ACI

39$:. LIF (RO),ACO
MULF ACIACO
STP ACO,(RC)+IsoD P9.1393
352 PS U5ZP ITE
sp 44S

4U5L .WI.ORL 0. 1 PMlI44$:. iiH' SP+R

45$: LF (RI)+ISop R4,45$
55$: tIDYo (S-P)+P5I TS k

Figure A.12 (Continued)
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FSU2RUTItIE FT
COlPIONMOYRY( 12892) o 1020).,U( 1222),H NC 12 1) oXC 1020)
COrv)l/EIIWAL/l1. 1A C$DR. 10, IPH. I PHIQ, IPH IQ I. IlSETS I PHD4r CCI1PLE2YC(6-11).b-rr641)

('SIL LQADQPFT'-. JER)
CflLL 0 T (X.1 2).,640,640.640.2)
CALL LOAt' REALTR' .0. ER)
CflLL PE.AL1R:VrDYca.648.2)

2 Y'c(D)Yc(I);41JCCI
CALL PEALTR(YCI).Y(2),.648.-2)
-CALL L0'ltj'(FFT'.O. JEP)
CrdLL FPT(i).,W2).640,640,648.-2)
RETUPlI

IGI

A-17



C-FILE>. rr~n:vI'rr-T * 310,.'110 04-JAH-74 x

OUOPIJ FOLINE 1r's~. 1) I.n~rt.EH
[' 69I.OI (I 61

1*-0

KT-3
HFAC (1)"-2
tIFAC (2)"%2
tIIFAC (3) P2
tJFAC (4) m2
1IFAC(S) w!
IJEAC (S) "82

111CmIs1II

S72 "RhD/5 .

IF (ISII.GE.0) GO TO 10

1 '"T-If't IU

Ks-IIrH 1112) I

Ss E ' PI:J' -'1.1 0-)T(I SDN1
(1nf 1*3u 1ii t11(s1[I

(1F I..)[': 'i
I 413V

Figure A.1.4 Subroutine FFT
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1Ff l.LEI~l:'(.0 TO 2110

IF dl. .LF..JC-) W. TO 210
IF (Vi.1 .GT.l:SPAII) GO TO 800

220 CI-t.u-CE'

230 K2-'l.-+ISPAlI

BK.O'I:l1-B(K2)

AO01.) -*EfKI) +A(K2)

A(["*")'@ C I 411'-S 1:18K
E)(P'2)w$I *li*4C 118BK

IF (1I1.LT.IIT) GO TO 238
K2uk K-IIT
cl--c'
KK-Kl'-K2
IF'0K1.GT.K2) G;O TO 238
fAK-c I-(cP~ICI+sI'sI

I1 u u$I, It I -CD 4;S D) +S 1
CI'PK
KKuI1 f,+JC
IF -(K.LT.K2) GO TO 238

M - QI -V SPA") '2I+JC
IF (1'1.LE.JC+JC) GO TO 220
GO TO) 100

510 C2-C 7-.t:3:2-S -2V12"
S2-2.O tC72i:372

520 K 1--f! +K5PAtI
K24- 1+KSPA1I
K3 -K244SPAfI
K.1=K3+KSPAtI

Alt1'=A(rDW4

8K1-B(IK I )-B(r4)
AJP-A (1:2)*'-A uJ13)

E-JITB 0 2) -A13 ('D

POT )iA*4fAVP+AJP
E)0 .:"[=P.C r~~-EýV ,P 42P: P

Rl= PC 2-,JA.IP:l C2+AA.

E:T EI1 HA +T2B jI~

Figure A-14 (Continued)
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m-ni-l: I,C24i Pc72 i Bo

AJ -All I S2.-011JI115,72

14"K3) f)IIAP8j

IKi- KI44KSPfllII
IF (JrlI)GO TO 520

II:(K:.:LE.I'SI'fitI GO TO 520
GO TO V00

KSPi.I I s'SPAII/K
IF (K.E(1.51 GO TO 510

700 IF e.1.E0.11) GO TO 800
KK-JC+1

710 C2-I.0-CI
~1St' -

720 CI-C2
S2-SI
KKI' ' 1I4Lspffl

730 AK rA (I.'X
A kVI") -C2:, AI-S2*8 WKs)
8IWK' , ) S2iifl+C2*B(WK)
Ki:-K"': t4.:SPI INi
IF (1,IK.LE.tIT) GO TO 730

At, -S I*S2
92 -3 ItC24C l*S2
C2-1-1I iC2411,

IF (IrL.~il)GO TO 730
C2=-C I -(CIO :C I qSr*,S 1)

IF ~K.EIP1PGO TO 728

IF WK.L[.JC+JC1 GO -TO 710
GO TO IQU

000 IIP(I',=KS
IF ([.T ;E0.0) GO TO) 898

IF :'tI.LT.I:*) I=K-I.
.1=1
I]PO 1:11

J-0-1.1I

IF (J.LT.IL) GL) TO 010

Figure A. 14 (Continued)
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I..
II IiI
I P.rl t 1, 1IPI', )

!~~~ ~ I.' , It 1CFll4. I !

820 At, I I.I:K)

ei (:2) t4It'
DI; -D 01c )

J(I(I: i',(k2) "
EW, t 2 U. K~l:'

Q• l1, .P4w 14'K2 i

8 IF (1.2.LTI9S) GO TO 820
830 II

K2rI'ip (J+1 )+"IK2

IF (I'2.GT.tIP(J)) GO TO 830
J-1

840 IF (KK'.LT.K2) GO TO 820SI( -ll ,+ II1C

k2a-ISPf:I'I<2
IF (I:2.LT.I:S) GO To 940
IF ,ItLT.I;) GO TO 830
JC-K3

890 I F' 41.': .GE .) RE TUPI1
I JI.t. SP I I,,41P0' (h T i4- 1

J-.I--KT
I-IF:AC ( .I+! j I

9001 IIFr Q(J) IIFAC (J) stIFAC (J+Q )

IF 'J.IIE.I.T' GO TO 900 6

rT-I(T+ I
lHII- IFA'C (F':') - j

IF dIH.GT.IA''P) GO TO 998

J"O

GO TO ?06
902 JJ-JJ-K12

1'.2 I•,
VK-+ I

;,9041 J.- H I.J,.!

IF (.J,GE.I:2) GO TO 902
liP(J) ajf

0r -'T+ I906 K•2,WIFH~C (IT)

I, ,,:4T~- 1S I.'.lllir I: ~ )

IF (.!.L.8111' GO TO 904

00(D 9 1 .0 1 r-. 91,

I I' P : ,,-I:

Figure A.14 (Continued)
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* 11~kI .II~i)GO TO 910

91.1 J.'J+

IF 'II.E."GO To 9t4
IF :¶ITO GO TO 914
llpu:' .-3
IFJr E~~I GO TO 914

GU lii 950
924 J-J-1

IF "IIP(J).L.T.0) GO TO 924

IFKJ.JC'11AX) '!+1JM"I
lj I .l-K4I~9Ill

ST KI.1-BIKD

TF (kIM.tl10~WGO TO 9289
932 [I -l~3+(P

tL '1 ) E , tl2)

IF l~lIIEKK)GO TO 936
I.I" -K2I
IF (Ki.IiE.J) GO TO 932

It: 1.13JIp.0 60 ' TO 946

IF J.IIE, 1) GO TO 924

I I -11T- INC*1
IF(NT.GE.0) GO TO 924
RETURN

996 ISHuS
CALL EPROOD(265)

Figure A. 14 (Continued)
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SUOF'OUTINE REALTR(1,AA 61. 61
D!I-EIISIO4 A(I,(1)61rPFALII

IF (JSN.LT.W) GO TO 30

16 DO 20 1. t.Nit INC

-IA (J) +A (K
AB-A(3)-AIVK)

DoG MV M .)-B 00)
PE -C:1l*IfA+SF~i*$B

tIz112P4G3-I4*AB

2 0 (J)H-I +B

RETURN
30 CN--I .04

GO TO 11
END~

Fiur A.5 SbouieRA

A-231



SUBPOL'TIHE 5UB2(1OFF)

COI I tIra,VVAL/l11 1~ CSDR. 10. IPtI. IPHIlO. IPII 10 1 ISET.S1IPND4
DRIENSIOtI P(1632n)
ECWIVALEtiCE(H(2).P(l))

* 11.11*IPII
IFC111.GT.O)GO TO0 34
IF(IOFF.EO.O)GO TO 31
DO 30 I.1.IPHIIO
112. 1+]PN

30 Y(112)uX(I)
GO TO 55

31 DO 32 1.1.IPHIII

32 Y(I)-X(I) .
GO TO 38

34 114"I-IR1O-11

110.51+1,114

35. ~l I.X. &(l 13 IP) *F ( 1 + ( 1

I I).. IPH 101-11I
DO 37' 1-1,111
113-1+114
ZM- Y( 1+1 12)*P(1 13)+Z(I)

30 DO :79 lnl.IPNI
11,4-1+111

3 Z(let) ITEL3 ((+114) *S l IPI!)

45 DO 50 I-1,PIPH

55 PETIIP1I
VlII)

Figure A.16 Subroutine SUB2
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I NAM- LAG
.NAME SUBD

At VCTR PLAVY' I/ CC-ERPF-MIHqDEV-CHRL 18-FTNL 19
B .FCTR LA'G-Lfl I -FTI L 1B

IC! FCTR bJUl-SUIj~-SUB2-ZWR ITE-FTHI 1
D .FCTR FFT-FTHLIB
El FCTFP REALTP.-FTHLIB
F: xoFP FFI'OVP-FTNLIB

POTI(..(-DE)
IEN

Figue A.7 oerla Decripor LAY1.'D
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DIIISNSION
t.. (22 ".,H7 (I102r1)ST.GIG) IAM 1Ec)FAIE 2040)

C PPOORAIII MUST PFE COI1PILED WITH T'HE Oil SWITCH.

DATA MIIAE/3-t 'A '.D 'AT''
DATA 17m.I.i~t. ISTATE. ITfl2/2IMr5*O.0.3*1l/

DAiTA IPii221I. 1Pi222. IPli4. 1Ptl421, ICS'R,ISTOR/531.532. 1029. 104i,1.HT?5

DATA) P1P124?. [P[H446/"9?, 1066/
DATAHT.2.2tOE2O..552?E20..19SOEIO.I00AE

8-1.0.. .26170¶"iSE-1,0...!r31 1561E-1.0...5298?091E-1.0.. .76534923E-1

IRSTAT .0
* L.PITECC. 100)

READ(6-200)rllArlE(I).Iw.I3)
LIPITE(6.300)
READ(6.400) IFIt.
MlD FILE 6
!FIL"IFIL.-1

DO 11 122.1P"
ISTATE-!FSR( ISTATE. [TAP)ii ~ ~IFrISTATEAI4D. 1)5,510

5 ITEMP.-t
1o Y( IPi+1-4-1-I) -FLOAT (I TEMP)
I1I I TEIIP -1

DO 12 Iml.IPHII
12 Vi' I) *Y'(I+IPHI)

CALL SETFIL(l.'LAGR.DAiT'.IERR?*DK%6O)
PEAiD( HEEND FILE I
CALL SETFIL(3A,'STORI.D)AT'PIERRD'DK'P9)
DEFJIlE FILE !'9(.TPN2.LI,ITM2)
trILL SETrIL(i.'TESTDE.DAT'.IEPR.'DK'.0)
CA'LL SETFIL'2.1I~tlE. IERR.'IIT'.0)
110 13 1-1.8

13 UIE3112 U3 ) u.IH
PEA~ldI.E11D.75)rZIJ,.J.22, 1PH221)
'DO 50 IIKwt.IFIL.2

DO .40 IL'1.2

II" irjjFii.njr~n TO 23

li i 1% i.
IjI r IiIil1,.'¶. I,' I I

15 11 1v- . !i
tin 11, 1-1.4

RltidI'I N11*-U75) C(JO) .J0'"1P1l247. IPtl446)

Figure A.i1 RECSCF
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* ~~IF',O .Of', TO 19

Ic SL'BTPflCTIIIG "200 EFFECTIVELY DIVIDES BY 2.

I ~~ DO. 21HPI2.

*2 $:TIOIP<flT rI +I D I. HTPOLT

TEMP m. 031+

D'O 21 I"I4PN1.

I xlS j 1 -
Lir1,1) *H( IIJS1)*(1)

TF(IGO T O .)G9T.2
11J. 1sZIJJS)P211

IJIJt-I- 1+1

25 nWL S~IS.2 H<I IJKS),P( . 2CD)

DO 301-[1.2
I':I2IC ( ( I JFK+1+S-K )+

1j+I
CAiLL LC'OPS( IIH.AJR)

Kp -1 TED I2 JI3 ' )+

IF( 3T.LT.3)GO TO 36'IiDO ý35 1 I".1P14

121.F~i 0 GOTO 2-1

40 IF, tl--I, dl' .GU. IFIL-)G.O TO 50

A11 I3 CYT I I llwir~il 1 17 i 0

[1*Figure A.18 (Continued)

Ii. ~~~~~~~A-27~ a~ic~~anaahSn



80 END FILE 2
ENtD FILE I
EfID FILE 3WP I TE (9.50q.) V

I F P .1 T4"7'. EO0. 1 )--P t.,•'~ E (S.. 600)I0 CID Pl~q EN'r'P IIAMIE OF OUTPUT DAqTA FILE'/)
2.00 FORI'lf4T (. •i42)
300 FOPIlfl'T(' F-tTEP IFIL'/)
,40t1 FOIR 1t(10MOIS)
50n r0Pl-litT,:vI,., lOE 12.4)
C")0 FOP.IhM'("IENID OF FILE'/)

FFI

Figure A. 16 (Continued)
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DIMENSION H(1021)
CALL LiAGINT(2.255,H)
CALL SETFILU.DLAGR.DflTD..IERR,'Dlk% 0)

END FILE I
CALL LAGIHT(4,255#H)K CALL SETFIL(I.'LAGD.DAT'.IERR,"DK'.0)
IP I TE (1'

END FILE I
END

Figure A. 19 SETLAG
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DEM14Sl'ION FAKE(E'2048)

LIRITE(G.100)

tiP ITE (6. 3 00)
rtAD'6..100iI8EG. lEND
EtlD FILE 6
IJK-0
IF((1Etlrj-IflEG).LE.127)GO TO 5
I11IFm2353+I0EG-IEHD
IIF-IL'IDIF+l
IF (HF IL.GT.85)NF IL-95
ITEllPS. lEND

GO 'TO 6
5 ID!FuIEllri-I8EG

14FIL-IDIF+1
IF U-F IL.GT. 85) F IL 85
ITUrIPSo [PEG

6 ITE. IlF - I r11ps+ 16
IJK-JJK+I
IF(lJ.K.GT.S)GO Ta 10
IF(IDIF.LT. 17) ITEtV'FuITEIPFS+IDIF

IDIF-IDIF-17
IF(ITEIIPF.GT.255) GO TO 8
IFlI( 1. 310lTEtPF
IF(IDIF.LT.O)GO To 10
ITEIIPS. !TEIPF4I
GO TO 9

9 IFI(I.IJK0-255
ISI(2.1310-1
I F 1 (2. 1 Jlý) -I TltPF-255
IF(IDIF.LT.B)GO TO 10
ITE11PS. IF 1(2. 13K) +l
GO TO 6

10 IF(IJK.GT.S)13Kw5
LIRITEi5,400)ISl..IFlI. 1K
ENDI1 FILE 5
CA~LL $ETFIL(1.'DELIOP.F)AT'.IEPR.'DK'.8)
t1EF I IIE F ILE 11. 1IF IL. 12E.1U. [VARF)

IDO 12 I.1IJIFIL

M 70 I'-I IJ

CO L IClti'lit.-u.1 .17.T31 cI.~ *i n ,I I:1,.1 ). 1EPP.)

!FI~4~At.Or~tTO I-J

Figu're A.20 JDSPEC
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lFtI.L.'EO.1)r3O TO 28I GO TO 22
20 CALL LOTATE(18,.64,1S1(1,K"L),1F1(1.,KL'.tERR)

IF(IERR.E0.0)GO TO 24
22 1)0 23 1m1F.PP.64

ID27, IJ"11.12

[ GO TO 20
24 D'O 25 1-65,01

DO 25 IJulI-12
13-1-17I 2 PEAT(1,IJ-DTIJ

25PlAT( I.IJ) .ODAT( 13, JJ)
28 SEPP-rL0AT( lEFP-I)/64.

IF(SEPP.LT.O.)S.ERPa1.I. ~IF(SEMPED.O.)GO TO 78
DO0 510 1-11.12
PtO 30 J-1,32

30 PDATt.TI)-PDAT(J,1)*WEIGHTMJ
1)0 35 J.33.64
JIU65-J
01DATCJ.1) xflt'flT(J. 1)*IX IGHT(J I)

35 PDAT(J.1).PDAT(J,1)*WLEIGHT(J1)

DO '40 Jm1.64
TEMIPI -ODAT U o I)
TEMP2-PDATJ, 1)

40 ODAT(J. I)n'(ThtIP *TEtlP1+TEr1P2*TEr1P2) *SERR

I ~IVAR. IHD+1
I.. REAFU'IV0l)(XalP)J'P-1,64)

D'O 45 J-1.634

45 ',(P'tmX(J)+flDAT(J. 1)

DO 60 1-11.12

60 rIii.( IJ. )-TTl Io1

IF:(IEPP.taT.VflGD TO 70 :
0 EJr'GO TO 20

EN1D FILEr 2 =..II

PEAfl'l1TVAPP'rrlP(F).dlP-1.64)

-gii Ur:lI TI: 1.~5. lfi IC 1~ i::'r t1P) .IIl -1. E.e4)

1* 11h , 'IllIF d1:;ll 01: I~lPI.IT rrvi' FILE '/

Figure A.20 (Continued)
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300 ropIiTf(' EIITEP INVJCIES OF LEFT AIM RIGHT TAP BOUNtDAktES'/
V IWý<itlJti CIRCULAR SEPARATION OF TAPS-84D/)

400 FOPIIMT214)
500 FOF1k0Ta1OEt2.4)
600 FOR~HAT(//' RECORD NUMBER.' 13)

END

SLIPPOIJTIHE LOTATE(11IJ2dSI.IFI.IERRI

IERPuO
IOFFM1-0

IF(1C51(2.EO.M)ul

FEAI'(2.END-5'X
GO TO 9

5 IERR-I
GO TO 25

M~AP.T-IS1IM)f

I F 11- I FI ( J.)
DO I0 J.1l'Ti.RT[FIN
JI u3-ISTART+I+IOFF( lJ)

10 LIONT (INUEI ' J

25 RETURNI.

fCIIIAPr IJtit~ s ~ )0DT9 . IT IPT~ ,1),jE)H
I n> FtPT IJ NGT'O~ -,0. I53~ F I9T9 .3 I3~ J)

DOs 7 1 33 J ISTA ,I0F2I .4486N.4r43..~ .. *5

OEOI'I DAT

SEMI

Figure A-20 (Continued)
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CA~LL SETFIL(ID'DELDOP.DAT',IEPRR.DK'.8)
WiPI TE (6, 180)
PFD(6.2O0)HFILHREC
D'EF1INE FILE 1(tNF1L,128.UIVAR)
I VA a I
l~lPECL4IF IL-NREC+l

NRECL wMeA (HRECL. 14)
HREC-HREC-1
IF(IIREC.EQ.0)GO TO 8

5 PEA1VillVR)(SDiAT(J,1).Jm1.S4)
8 W' 10 I1-1I4RECL

110 12 Ju33ý64I.12 I.IITEC5,3130)(3DATrL.J),Jm1,MRECL)
DO 13 I1-1.32

123 tJr1T5OOS3)(SDI4T(T.J)..3-1.NKICL) *
100~ FOPHTOTU EftJEF NO. OF PECORDS IN ADC.LDOP.DATD.A,/A

VA11IF Fip.sr PECORD TO BE EXAMINED.P4

300 FORMA~T( 14t9.2)

Figure A. 21 DDREaD
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pE ji C0 .20nl)I IF1ILIFCE11) FILE 0
END FILE 6
CAiLL SETFIL(IA'DFLDOP.DAT'PIEPRD"DK'P6)
DFrtIHE FILE 1(I1FIL.I26,UIVAR)-
IV1R-1

HZOFF I a-32. *HZRES
HZIOFF2,, 31.* *HZPESI. DELPESuI./9108$.
FELT0T-FLA0r1T'FIL-0 /9008.I - DO 3`0 I-1.NFIL
READ(1IVAP) (X(J).Ju33.96):111005 J.1,32

5 >RJ) u~44
PO 10 Ja1,641~St JLL-I1.
I(3 .EQ. 1) . CR.(4 EQ. 64) )SMULe.5

10 DELMARR(1) -DELMiAR( 1) +X(J)*SIIUL

IF( ( I.EO.0() .OP. ( I.EQ. IIFJL))SrtJLm..5

20 1PAR(JFxOPR M3 +X( M*SIIUL

WIdRITE(5, 3'0)IF IL.DELRES
t.RITE(5.600) (['ELI1AR(I).I"1..NFIL)I. UWRITE(5.SOO)
UR!ITE(5A400) IC-OFFIHZCFF2.HZRES
6IP I TE (5, CflIV DOPNAR
UJRITE(S.500) 3
1D0 46 ult.HFIL
['E L I IIT-rIF L 111T41'EIIMAP( I)

40 ['EL I I -tELlI I I r LOrT( I ) .IDELrRR I)
1'ELt I-t'ELt14'EL Il-IT
DELI I5-DELMi:I1ELRES
1d0 45 .1-164
tIMP [UIT-POP 1t-T41'OPf iriR (I1)

45 D0Pfl-DO~t 1 WL-riT( 1-33) *DCPhtR( 1)L I'CiPIV-DOPH--'OP iNT
110I I' JIIF- OHiLHE

Aill tw.vom.l;- 1I.I Lri.'-IT'r (I -['ELI Irv:wI2wtEL lAP MI

ir 1 likri It . i.i . ti'nr' rir C I) )Dort :-iopýinrtio ( I)

tur'VP lOP. ~, tor'ii i

I. [)EI51'S "U ki I'LY4iP.*l'ELPES

Figure A.22 DDSTAT

A- 34



~ii or I, I, ( I) 4, 6 rii bwI-
I DEL -0

I. JF(Dir-F.GT.O.) GO TO 58
IF(DIFFO.L.T.O.) GO TO 58
IF(IL' r1-)DL~))L..E-2)GO TO 58

IDELPIUJDELARU-1

jr L-kJ'+ I 1I

50 DIFFUD1FF
60 CON4T INUE

[. IFFN0.
I DEL I uIDEL.-
IF~r'rLl.En,.MGO To 66
TIO 67 -- DL

65 sIIELTI(I)FLOAT(IDELPICI+I)-IDELPle(J))*DELRES

GG DO 70 1-2,64

I. IF01IrF.GT,O.i GO TO 68
IF(DwPFO.Lr.O.) GO TO 68
IF(ttflti1ARUI-1)4,,opIIAX).LT.l.E..2)GO To S8

lI'OP-JDOP+i
Stnrr-I( " ) ur~I.l-AT( 1--34) *.HZPES
J -J 4- 1

68 DIJFPODIFF
0~ 'cowrIlUE

t!RITE(5A500)

lFC1III-L1.E0.0)GO TO ?5

75 LIPITE(5,500iO
LiP I TE 5, 1100),

101) FO~Rtir" EHTER No. OF DELAY TAPS PROCESSED'/)

"O~ 11 ur *I~:,i-~ FrH 'OultR b' IS I V, Mir! DLi r-rip T IF i' ~. , i-nrs r~:n
pil[ii; Eric Ii mrnr 1,, ,.,rýpwIr-F j~i PY, .1 1O. 3., SwEC0iiiT.

I'l .;l~if l i rsld hi 1101w r i,"P 1111 11 10
,lif *F;* 11 lii I*

[ Figure A.22 (Continued)
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700 VOM!)IT(' PELAY IUAtu'E 10.3' SECOIIDS--COPPESPMtIDINlG STAUIDAPD DEVIA
1TI0ll-'FiO1.3' SECONDS"/)

800 0F1 h-u * tooprixr, t-9(dI Fl 0.3' tr&------CORPESI "CID HIP, STAIIDAPP rorvJ f
901)i FOP1417 ' 7'CLAY PFAr' O-CCUR AT TfAP'2:'
1000 F~tT¶X1I
11110 FUP14hM' DWPLFR PEAKS OCCUR AT FREOIJIC IES(Il II Z) :/,)
I1Z 60 r-OrirT(' UjI~Tl CORPESPMIDIIIG T111E I'IFFEREIICE5'l III SLxOI&S~ flET.E-Ctl PC

ILAY PEAIVS Ur-:'/)
DIDJ

Figure A.22 (Continued)
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DIrISEN31 YeO7 "0),VS 1(128)VSO(255)VS2 123,VSP(255).FAKE(204~8)

C0I1%JilWPANI~ I',' 1. 12

12--24376
WPITE (S 108)
EMI FILE 6

L ~PEAI1CO.300) IFIL
END FILE 8
CALL SETrIL(3.NHFSIMS.DAT'.IERR.1IT".0)
CALL SCHAN(VSIsVS2)
ICSDRu'177570
IF IL.IF IL+4
DO 50 JwI,IFIL

CALL STASW(IRM1~ICSDR)
CALL CHAN(VSIVS2)

to VSQCI)mVSQ(t)/255.

CALL FFT(Y(1).Y(2).384.384.384.2)
CALL REALTRe?(1.Y(2),.384.2)
IJR ITEM() Y

DO 30 1-129,255
V( I-u.0

.10 Vsp(I)m8.0
50 CIJIITINUE

END FILE 3
tnO FORIVM' ENTER IFIL`/)
200 FORIIATMMOIE12.4)
300 FURVIiAT15)

END
SUBiROUITINE SEHAtI(VSI.VS2)
COM 0lit:N,'RANlS I ti/~I 1, 12

t'I!IENS ION VSI(129) ,VS2( 128)
PEAL KO
CCI II tOl/F ILT,'A k4 .A(4) ,A3 (4)

C0IIir~lC'l'CHA1titC.i4PH(4).FIXHd1284.4X8(8),X1(B)
DATA TbII/C6r4iT'IIPTHTON

FIE.i 1. ' 0 - 10q3) rATE
toP! I E (6, 10co
rEA[ r': . 12MtMiTH
110 5 I * I NFATH

Figure A.23 HFSIMS
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LIP I rE 46, 10-4) 1

RE A D (. 10- ) PDC 1)
WR I E 6. 1111)1

5 CON1TINUEI OIFFSCT-0.
TFRAIE a I ./PATE

Ia.-OEýs(-6.28ý18!i3*B I)*TFRAME)
rAI( J2.*K0

I iHi2 (I)M-kO +K

I DO 15 J-1.2
I 1~F(A8S(8MI))-I.OE-6)98-$9

e Y(1) al.

GO TOto-
9 CA~LL GAUSZ(Y)

'I (21V+J-2)uSORT(P(M) *(R4O*Y(I) +SORT( I.-RHO**2)-kY(2))
Is CONTIMUE

DO 16 JuI,NPATR4
CHPNi(J) .TLOPI*IFDOP(J)*TFRAME1 I~~A-TU0IJ~*FDOPMJ*TDCJ)
DO 16 luJ.NTCIHE
CuTtIJOPI*TD(i) *1, (FLOAT( 1)-i.) *FSEP+OFFSET)
FI,1.PH(I .J) wRf'ID(A+CTWOPI)

16 CONTINlUEI ~CALL CHAW1VSI.VS2)
RETLIP14

100 FORMA~T( ElITEIR MIIU~BER OF PATHS~ (FOUR OR FELIWER/1
102 FOPfWI4T(* EtIITE PHiS BANDWUIDTH OF PA3H',12,# 114 HZ' 1
103 FOMflT (F14. 9)
104 FOFII'fl'(' EfITEP POWdER OF PATH'. 12. III DWB'/

I105 FOPrMvAT( EIITEr MPANE PATE 114 FP~l`NES/SEC~')
I107 ORI 01'j" E111EP DOiPPLER OFFSET OF PATHA,12.' IN HZ'.,')

106 FOPrIuvrI' PIAII TEMr1NAL COUNiT',2(19))
109 FQRI IA TC EIITEP N~UMBER OF ACTIV1E TONES"/)
110 FO~tii4T (' ElITFR TONE SEPARAT ION IN HZ'/)IIII FOPIIAT(' ENTER 13ELAY/ OF PATH'. 12.' IN SEC/)
112 FAMtI'VTf1

*jnfill t I t". C tII I V l.*,~ , 1,\;3.%' !)

0 ~~C-01101 C1411 fI'I 1, II1 'R IH-4TOIIE

~I.Figure A.23 (Continued)
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C0I0t011,CHAdlt'.'I lPH(4) .F I ý:PH( 128.4) X,0(8),XI1 (8)
DAITA 1%JOID'G. 2831853.'
CA~LL F !LT2(IlPATH.MM X)

DO 10 Ju1INPATH
K-2*J- 1
P(U) wS0T0(0fK)**2+X0(K+1)ic*2)

la C0OI IT I IWE

110 20 lot, HTONE

VS2~M-0.
I ~DO IS JmI.HPiATH

A-F I)PH( I.*J) +GAI-tl(J

1 ~VS2(I)wR(J*SIIN(A)+VS2(I)
is1 CONTINUE
20 CONTINUE

RETURN

SLIPPOLITINE FILT2(N.XC.XI)
C Of1111.11.1 -/RAI IS I D/l 11 12

C.OtION -'F I L T/1(4) , A2 (24) . A3 ( 4)

IDo 10 M'
CA~LL GAUSZ(Y)

I Ku24!1+J-2

111 (0k .XO(KW

18 CONT INUE
!2ETLIRN
ENDI ~SU~PPIJTINE AI ISZ (Z)

' 'FiiI'llP 11 * 12)
'1 rwiIIlI( 11. 12)

II * -O (Y~r' )
F E TURN

I Figure A.23 (Continued)
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[ ii IiN-1I'3 lOt Fi0'E (2O&* ).,

EOUtI\4eLEIICE (H(2).Pl))
COPrLf.EX YI(30j3l ,LW(C05) *
DATA 10/?'Ol~O.O/SDR/26*,O125,I75

DATA 1P112, 1P113. JPN4/,'50~. 765. 1020,?
S1Pt4D4-1 ./(4.0OWLOAT( lPN+1)*768.0),

CALL SETFIL(l.'LASR.DAI,IERR.'DK.,O)
READ( 1)H

I EIID riLEI

EHID FILE 6
I ~READ(8-.10O0 IFILI END FILE 8

CALL SETFIL'l,1PNSEC1T.DAeT'..ERR.'DI'.8)
DEFINE F*ILE 1(1,154U.U.IYAft)
CALL SFTrli.Lr,1IFSIIIS.r)AT',IEPR.*MT'.e)

IF IL-IF IL+4

PEAeD(1 I) y'
PEA~lr2.EIl('m75)t~J
.DO) 30 1.5

CALL REALTR(i'(I).Y(2).3e4.-2),
k CALL FT(YCI).Y?(2).394.394,384,-2)

111-11 IP
IF (llI.GT.trI) GO TO 34I. I0 .32 I*I.IP142

32 zk 1+11I, s)v'( +IPHl)*P(I)+Z(I+ItI)
GO TO 38

34 1 I4-IPH3-I11

1120. I-14- III
I I ---I31H13-TlI1 1.14-11 - IP1

37 ' '1+11 ?~.1 * 1+1 13)+Z(I)

38 U) I' 1.i

79 j 11 ) 11)j I P111)

GO TTO 44'

Figure A. 24 PLYSCF
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43 UIRITE(3)(X',J).J.I.IPN).(Z(I+I1)1u1), ,IPN)

.45 D'O 50 I.1.IPtI
58 Z(14111)uO.8

75 ISET-1
60 END FILE 3'

EMID FILE 2
END FILE II ~~IF( I$ET.EO.DlLRTE(5,500) 13KM

S100 .FOPIIATU 5)
300O FOPINh&'C EHlER IF IL'')
500 FUOl IAT( EliD OF FILE OH RECORD' .15/)

END

I Figure A.24 (Continued)
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DII-ENSiON Y(770)
DATA IS'TATE. ITAP/I.'276/
'Y' 9 FLQOAf(STATE)
DO 15 1-2,255
ISTArE- !FSR( ISTATE. ITAP)
1F(tSTeATE.AND.1)5.510

1a Y(1).FLOAT(ITEMP)
15 1ITE11P -1

DO 20 31-1255
20 Y( +255)-YW!)
"20 (1+5 10)NY'( 1)

LIPITE(5.00)
CALL FFT(Y.Y(2).364,384,

394 ,2 )
CALL PEAL TRI(YhY(2) .384,.2)A
CALL. EFLI'tSO."' IER.R.'DIC.6)
1PrPTiii'. FII.E 1(1. 1540.U. IVAR)

ENT) F ILE I
CALL FEALTRCV.V(2) .384.-2)
CALIL FFI(,..VI:2).38.t384.384.-2)
WR ITEMC,500)

500 FORIbMTC0-4 10OE 12. 4)

Figure A.25 SETFNS

A-42



stjcrnlITINE FFT(A.VIIlOT.I1,tIPAH.TSt4)

DIlr*IISINlI AT( I) .0' 1

H*Pw23

JF -0

fIFfiC ( 1 -4

*I IIF PC(3) -3

II4FAC 5) -4

PAD-03.0'4vTAN( 1.8)

* C"12.I.0(S(2)

S120-SCIRT(0.75)
IF (ISII.GE.0) GO TO 10

* ~S120~-4120
PAD.-RAD
11C'.-INC

10 HT-IIlC*ITOT
I'S' Itt:ill.NsPAN

1H.1.I0T- 114C

PADJF .FkD*4FLC~rMT(JC) *,5
100 ISI1.-FI)FW PL.D(4T(KSPAN)

IF 'IIFACtI).E.2) GO TO 400

210 I(2'sIJ:+KSPAN

VE,'-e,:K2 Br)-I

Ird 1[.LE.I1tI) GO TO 210

IF 11'.L.LE.JC) GO TO 21n
'I vrriF' GO TO S00

Figure A.26 Subroutine FFT384
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I[220 C1- 0b
230 I 2-1 1' LPN

-811 1ri. '-A(+K 2'

A(Qt2) -C Ir-,#l'e'S K
j E)8'IK2. I S I *flL+C 14-EK

1I'4: 2+1, IPAt1
wr w*. LTJIlTJ GO TO 230

IF (kltGT. K21 GO TO 230

[4 . Si ( SDIC I-CDAS 1) +9

IF (IX.LT.K,2) GO TO 230

/KKE (K -KSPAtD .'2+JC
IF (IKK,.LE.JC+JC) GO TO 2201' 320 GO) To 100

@l '9(K 1)+ ( K2)
A(i(1K10 -AK+AJ

EýKK) EBK+B3

54.- 5AJ+AK,

AJajur Ii ) -A (12) )'kS 120
VEj (L) 1 .I)-El 1F2) ) 2

Arf 1' 2) -41A,3p

EIF'(1.iLTB lDA GO '101T 320

IF U:'K.LE.KSPAN)GOT32
GO TO "(00

10l0 IF UIFPCI:'E.4) GO T 0
ISP? I '1FPRI I

I SPAfI I-1SPAII4/41

4120 IC I -I I .0PA

I~Allp -,(-'11-1:) +A~ QK2 )

Figure A.26 (Continued)
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A I I, I14 I I 19j

iJ~I4 ,ii 'P I'I

E:l' -13 B" C1) +80,12)

IF (ISI.LT.U.) GO TO 460

DElV I1ED -FAJPi'S1BJ.2

IF (10..EO.O.O) GO TO 460

440 C2) .CAJ.C2-BJP*S2j flr1<p) ~C -AJit+JP

S2(-2. -Oil I.C3*9i4IvS

EIt VAIKIIS3+BKIJ
IF u1,14*-KSPAII G T 2

IF (I(K.LE.IIT) GO TO 420

NJ ICAlS I- +S2* IIel I K0"IKI<-iIT+J

IF c('I.IUE.JCD) GO TO 410

O IF ( 6:P I!E.) GO TO00

GGO TO 100
450 01P.10reB~

E l -TCDl I+AJ

II
F'igur A.2E (Cn O ont120d

1 600 I iirA-45l



I :ri. 0 I:G) 11 O

If, -r II "$hi2#10"

I'l I 'M 4T. 24nF'l

IIF '1I1i'.LE.IIT) wL 'rO 730 j
02'1, -+s1 .1S2

F('KI<.LF.KSPIlItI) GO TO 730

£1w~I+(SD+C1-CD*St)

IF 0YIX.E.I'SPAN) GO TO 720

IF (Ii?.LE.JC+JC) GO TO 710
GO TO) 100

IF 'IT E.EO. GO TO 89101

IF (11.1-T.0) KinK-
J-1
11PtK41)UJC

81 .~J+D-I1 )/FCJ

Iw+
IF I..J,LT.t) GO TO 810

[S.F'I1 1 I'4P (2)
1.I' IC+ I

1'rI WE.

8 Pj Q' > 2) met,

17 1 4 -I~ J

Figure A.26 (Continued)
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IF 1i'2.rGr.tIP(J'f U0C TO WP30

I-

ir (F2.L-T.I"S) GO TO 840
IF (HJ:.LT.KS) GO TO 930I890 IFCIIfKT+l.GE.tl) RETURN

I IFAC U0w
900 tIIrfCUi) miFAiC(3*tIFAC(3+1)I. -

Ir. (J.E.KT) GO TO 900

Iiii1 urtc '.KT)-1
IF (lI.IHGT .II WX) GO TO 998

VJ
GO TO.E.2 GOTO68

902 JJI J-2tIAKT

I. rK.IIFAC (.K)

iFC.EN)G O904 J<1'J,
IrMG.<)GO TO 914

l~ip (J) j

IF (.L.IE.JN) GO TO 914

I ~v GO TO 914

IO TO 95091

94 IF(IPJ.T0 GO Ti) 924

Sir KI i-ISPAIIX

tIIt-..p l
Figure A.26 (Continued)
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1,2.

921 1 2 1ý ' I

H TO 2) cC)
Er,(V,2) r()

IF (t..i.~')UTO 9218

932 JCk4l1 Y

O(lU(Y2)

1'2't'2 - 111C
IF (L ' Go TO 936

Ix W ' t:1 -G o TO 932

9,40 %.(4

oI , (I.I4.Kt) GO TO 940

IF (JJ 11C.0) Go TO 926

IF AtEt)GO TO 924

950 J.1<3+*1
I IT a II T-K'1t4C+

IF killGE.0) GO TO 924

£LIpnIJTIIIE P.EALTR (A .~ ISM)

Fi.EP4L t

siF m ,i 0 1. 0 .,0) GO TO 30

Tin' 1 .0

1 ( 10 4-A 0.'In~~

Figure A.26 (Continuied)
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I'DE ,El f' J ) -B (11.,
PC< I¢ I I UA; +$-sl''.B

B(JM - I tI.+8
AI

A.' M ,+RE
OiAt~fI t- (CD'CHI+,SD*S.$)

S11- (S*,tCI4-CD4:SH)+SN
20 C 11-A14

FETUPII
30} CI1--.0

SD--SD
GO TO 10

,. END

I

I.

I
I

I
I

,1

Figure A.26 (Continued)
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C 41'PLAY, MnCI' GCFIEPATED '3:P-:fOT'3 OF HF CHAHME1L FOR PLY'5CF;THIS IS
C e*eTHI OIVEF~ti*4 VEPSIONd

ro.,11i I , 1 CSIDp. 10. I PfI. I N1 10. 1 P14101 -I~ PHI02. ISE T, MP I. IV IK 1X

I'IltWfc-1loh Pl (05.$0)

ECIUIVHLEIIICE'H(2) .P( ))

IOPINIOmIIII

SI~tD~o.OC4.01:FOATIPN+ ) *769.)

CALL LOAD('LAG' .1, JEP)
CALL SETFIL (I,'PtiS9OT.IDAT',IERRo'DK'.8)
DEFItIE FILE IrA,1540.U.IVAR)
CALL SETFIL (2.HFSIIIS.I'AT',IERR.'llT'.0)
CALL SETFIL (3.'TESTD.DAT',IERR2'lK.6s)
CALL WAIT

j IF(UER.E0.nmGO TO 20

GO TO 88
20 CALL LAGINTUIO.IPNH)

110I' 70 Il~iJ.IFIL.2 1
DO 70 DX'wI.2

CALL STASHUJ~Rf. ICSDR)I ~I VAR-1
CALL LOAID''SU8I',.8.ER)
IF(IER.EDO.)GO TO 25I I]SET. "20000
GO TO 00

25 CALL StIBI1(IVAR)
IF(ISET.14F.O)GO TO 80I CALL LOAIP('FFtOVR'.OJER)
IFUIER.EO.O)GO TO 30

GO TO 80I30 CALL FFTOVR
CALL LOAI,' 5U82;' .0IER)
IF(lEF.EO.(O)GO TO 35
ISE T- "60000
GO TO 80

35 CA4LL 5q.102':SIPHD4)
10 CONTINULE
i8O DlID FILE 3

EMI) FILE2
EtlD F ILE I

ELCIII ' p'(

Figure A.27 PLYOVR
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si.wrm~.m'lhrlE r. 1 fIVAR)

1* 9 FETUP1I

'5 1 E "1r if.I~ I

I ~ rUTipRiI

I Figure A.28 SUB1 (For PLYOVR)

SUPUIE FO,
I(L

EN
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l iii. III I IF i I I . 1(INIt 1 .-
I. fll I ;II', U ''J" I" J'l, |. t ;', I I *f ."t I, €l,} '; -1 ) . I1 fi'.l '• I . .-¢ . ti .I Ii

CII~ I i Q1 '','q •1 N1 I. I i.:' ,DI I .'. I'I , li' lI n , I i l f,i fI:t I r~i I .I '.o ,t.c r i .1 I, rF V.':y ,;

I. if l{I - IP [I l 'IIf 1 1 1r ( l ) f I*
I .l 'I t I .I

I F I I 10.l i Go ,n-.
r"~ ~ ~~ ~3 Z( I+ I 1,t1,II)O1!;,$:•

111
'I ?:! I'- I, ! +$A I

IC I', I P. I I i,,' I I'Iil"'IJ+ +XII)iI 1 0•,' l IIIi .'i II

114 Ill' lOl -1 II

' 1 4. I 2) 1.11 1+11 +:' I,~~~~ -!. I' " -: I IPII

VI 1,.,I+ 111I . 1

" IF(It,. LT. IQI>I)GrI TO .15I
I FI" f2'.1IE. I )IGo TO 43

I'-0 Ti1 4.5
.I U' ..P 11E (3 C (<J , J,,,lI P I I, Z (1I I I ,I I- I I P NI

-Ili LI0 50 1 1.. PN
... . •,I] Z l I" I 1 "-0 :n

Elitil

II CI

Figure A.30 SUB2 (For PLYOVR)

II

I t.ItE LAG
A: F 1P PlF.'YOVR/CC-EPRF--CHPL I B-FTNL ID
Ei ,F P LPI;-1. AG I- rTI IL IB

I•.F!iý CI R] '1.E, I -' rTI IL I P-

SI' : F r-" 11 I CIV--FFT.'3,'.C C- F TNL 113

, I.1' II ~t

iji

Figure A.31 Overlay Descriptor PLYOVR.ODL
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DIMENSION X(512).-YC512) NAMEC(S)
DATA HAAUE/*t' '.I.'D' 'ATe'
UP 1W (6 .308)
PE AT(.uIOO.40) CIAMEC 1). 1- 1.3)I.1 1P TlI(6. 200)
PEAt'CB. 00WIREC
END PILE 8
ENDP FILE 6
CA4LL SETFIL(I.NAIIE. IERR.'1lT',0)
DO 10 ImI.IREC
REAro( I) (>C(J) Jo.J2~55)

1a READCI)(Y(J).J-I.255)I END FILE I
UJPITE(5.500) (X(J).J.I.255)
WRPI TE(S. 500) (Y (J) .JIt .255)

15 DO IS 1-1.255
15 Y(I)--Y(I)

CALL FFT(XY-5I2.5I2.5 12.1)
I10 20 1-1,512

20 X(1).(X(I)**2+YCI)**2)**.5
CALL SýET'FIL(1,'FFT'2S!5.DAT',IERR.'DK'oS)
LJITE(IM
Elit' FILE IIR UP ITr.(5.500) X

100 FOPIIAT(I5)
200 FORIATU' ENTER RECORD NO.'/)
300 FOPfirT(' ENTER NAME OF INPUT DATA FILE'/)
'400 FORIIAM(A2)
500 FUPI1AT(1XI1E12.4)

END

Figure A.32 CHFFT
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DIMENSION (1)Y53
DATA fht.~~tTIftX. .- UI.
DATA XSIZE.YSIZE'6..7./
CALL SETFIL( 1,'FFT255.DAr. IERR.`DK5.S)

EPID FILE I
B ~SIAXUG.

DO 5 ImI.512
X( I)"20.iALOGIBCX( J))

5 IF(X(I).GT.StW1X)SMA19UX(!)
DO 7 1-1,513

7' IF(X(!).LT.-68.)X(I)mu-68.
XC513)-X( 1)
DX. CXI-11AX-XIIIN)/XSIZE
DY-(~YI IAN-Y-1NH)/YSIZE

CALL MOI'E(2.1XSIZE.O..l.5)
CALL lIO['EQ*..VIYZE.O..l.5)
CALL 110DE (8,X'I'IN, DXXARG)
CALL HOD1E(9Y 1 YIIIHDY. YARG)
CALL DRAWhYCI).XC1).513.441)
ý'S I ZE I -XS IZE+.5
YSIZE~wYS!ZE+.5
CALL IIDE (2,XS IZE 1,-. 75.1. 5)
CALL MODE(3.YSIZEI.--.753 1.5)
CALL [IODE(8.X1IIIHDX.8.)
CALL MOIDE (9, YtIIN, DY.0.)
CALL HiOVEUXS IZE YS I ZE.S9999.
CALL rIX'ES;Qr.IAFPEOUENCY NORMALIZED TO SAMPLING PATE',Z2. 1.'IAGN I

I TUDE FESPOUSE (PS)')
CALL II1t'E (89.11N IN.DX's I ZE>
C1ALL I IODE(9.YII11II, Y. YS IZE)
CALL AN:-ES (0. 1,',? 0.O 1, Y)
CALL MRAW(0..On. .I1,9000)
fiLL VERS (0,0:1

Figure A. 33 PLOTCH '
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